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Abstract: Dietary patterns, or the combination of foods and beverages intake, have been associated with
better cognitive function in older persons. To date, no study has investigated the link between a posteriori
nutrient patterns based on food intake, and cognitive decline in longitudinal analyses. The aim of this
study was to evaluate the relationship between nutrient patterns and cognitive function and decline in
two longitudinal cohorts of older persons from France and Canada. The study sample was composed
of participants from the Three-City study (3C, France) and the Quebec Longitudinal Study on Nutrition
and Successful Aging (NuAge, Quebec, Canada). Both studies estimated nutritional intakes at baseline,
and carried out repeated measures of global cognitive function for 1,388 and 1,439 individuals, respectively.
Nutrient patterns were determined using principal component analysis methodology in the two samples,
and their relation with cognitive function and decline was estimated using linear mixed models. In 3C,
a healthy nutrient pattern, characterized by higher intakes of plant-based foods, was associated with
a higher global cognitive function at baseline, as opposed to a Western nutrient pattern, which was
associated with lower cognitive performance. In NuAge, we also found a healthy nutrient pattern and
a Western pattern, although no association was observed with either of these patterns in the Canadian
cohort. No association between any of the nutrient patterns and cognitive decline was observed in either
cohort. There is a need for longitudinal cohorts focusing on nutrient patterns with substantial follow-up,
in order to evaluate more accurately associations between nutrition and cognition in older persons.
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1. Introduction

In aging societies, concern for cognitive health is on the rise. In the absence of an effective treatment
for Alzheimer’s disease (AD), identification of modifiable risk factors that could delay or prevent its
symptomatic stage has become a public health research priority [1,2]. Indeed, the symptomatic stage
of AD, including the loss of cognitive function, represents a burden not only for those who suffer this
disease, but also for their caregivers [3]. Diet has been suggested to play a role in maintaining the
integrity of cognitive function, but results from experimental and epidemiological studies based on
a single nutrient approach are mixed [4]. The combination of a set of nutrients or food groups into
patterns may better capture the complexity of food intake [5]. A recent literature review reported that
the evidence of a beneficial effect on cognitive outcomes was more convincing for healthy dietary
patterns than for single foods or nutrients [6].

Dietary and nutrient patterns can be computed in two ways [4,7]. A priori patterns are defined
using diet indices that measure adherence to a specific diet, such as the Mediterranean diet, or to
recommended dietary guidelines for a healthy diet [8]. Limitations of the a priori patterns are that they
are hypothesis-driven and do not account for the total food intake, but only for some components of the
diet. In contrast, a posteriori patterns summarize the whole dietary intake into a few representative
profiles using exploratory statistical methods. In a recent systematic review on dietary patterns
and cognitive health in older adults including 37 studies, only 6 studies used a posteriori dietary
patterns [9]. In Australia, a prudent healthy a posteriori dietary pattern was not associated with
cognition [10]. In contrast, in Sweden, higher adherence to a prudent a posteriori healthy dietary
pattern was associated with a lower global cognitive decline, whereas a higher adherence to a Western
dietary pattern was associated with a greater global cognitive decline [11]. Among the other selected
studies using a posteriori dietary patterns included in the systematic review, a Western dietary pattern
was consistently associated with lower cognitive health [9].

Very limited research has examined a posteriori nutrient patterns in relation to cognitive
function [12]. Reflecting the global quality of dietary intake, nutrient patterns could be a more accurate
means of comparison of dietary habits in different study settings—for example, in different cohorts
of older adults [13]. We previously conducted such a comparative study in two older populations.
This study allowed us to identify and describe nutrient patterns in the 3C study (France) and the Québec
Longitudinal Study on Nutrition and Successful Aging (NuAge, Québec, Canada) [13]. Similar healthy
and Western nutrient patterns were observed in both cohorts, whereas a third pattern appeared to
reflect traditional cultural or geographical dietary habits specific to each population. The aim of the
present study was to evaluate the relationship of these nutrient patterns to global cognitive function
and decline in these two cohorts of older persons, over a period of up to five years.

2. Methods

2.1. Study Populations

3Cstudy, France. The 3C study is an ongoing longitudinal study of vascular risk factors for dementia,
which includes 9294 community dwellers aged 65 years and over, randomly selected from electoral rolls
from Bordeaux (1 = 2104), Dijon (n = 4931), and Montpellier (n = 2259) [14]. The baseline examination
was carried out in 1999-2000 with face-to-face interviews; participants have been re-evaluated at home
every two to three years. Data collection included socio-demographic and lifestyle characteristics,
medical history, comprehensive neuropsychological testing, physical examination, and blood sampling.
At the first follow-up (2001/2002), 1712 participants from the Bordeaux sample further answered an
extensive dietary survey conducted by trained dietitians. The current study is based on data collected
between 2001 and 2007.

NuAge Study, Québec. The NuAge study is a longitudinal study focusing on the role of
nutrition as determinant of a successful aging. Participants were living in the Montreal, Laval,
or Sherbrooke areas in Québec (Canada) and were selected randomly from the Québec administrative
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health database, after stratification for age and sex. The original sample included 1587 individuals
recruited between November 2003 and June 2005 (T1), to which 206 volunteers were added [15].
They were community-dwelling men and women, aged 67-84 years and in good general health [15].
Notably, subjects should not be cognitively impaired based on a score of >79 on the Modified
Mini-Mental State examination (3MS) [15,16]. The 3MSis a 100-point validated questionnaire assessing
global cognitive function. NuAge participants were re-examined annually, and followed 3 times
(T2, T3, T4) over a 4-year period. Nutritional data were collected by trained dietitians in structured
face-to-face and telephone interviews [16]. From the original sample of 1793 NuAge participants,
1754 (98%) agreed to the integration of their data into the NuAge Database and Biobank for future
studies. The current study is based on data collected between 2003 and 2008 of the NuAge study,
and available in the NuAge Database.

In the 3C and NuAge studies, all participants signed an informed consent for inclusion. Both studies
were conducted in accordance with the Declaration of Helsinki. The 3C study protocol was approved by
the Ethical Committee of the University Hospital of Kremlin-Bicétre. The NuAge Database and Biobank
was approved by the Research Ethics Board (REB) of the CIUSSS-de-1'Estrie-CHUS (Quebec, Canada).
The present study obtained approval from the REB of the Centre de Santé et de Services sociaux-Institut
Universitaire de Gériatrie de Sherbrooke (CSSS-IUGS).

2.2. Cognitive Assessment

In 3C, trained psychologists administered a battery of neuropsychological tests at baseline and
follow-up examinations, including the Mini-Mental State Examination (MMSE) [17]. The MMSE is
a 30-point validated questionnaire, used extensively in research and clinical assessment to screen for
dementia and to assess global cognitive function. Participants suspected of dementia on the basis
of their cognitive performance were examined by a neurologist [14]. An independent committee of
neurologists reviewed potential cases of dementia to reach a consensus based on published criteria.

In NuAge, as mentioned previously, global cognitive function was assessed using the 3MS,
the extended version of the MMSE [15]. This neuropsychological test was administered from
examinations T1 to T4 by trained research assistants [15]. The MMSE scores can be computed from
the 3MS data. Therefore, in order to assess global cognitive function the same way in both cohorts,
we used the MMSE scores.

2.3. Dietary Assessments

In 3C, individual nutrient intakes were computed from the 24-h dietary recall performed at
wave 1 (excluding weekend days) using the BILNUT® software, which converts food intake data
into nutrient intake data using French food composition tables [18]. These tables were augmented for
fatty acids from the Food Composition and Nutrition tables [19]. As the 24-h recall was open-ended,
additional data were also obtained by consulting a French table developed by the INSERM and the
University of Montreal [20], the USDA National Nutrient Database, food packaging, and by directly
contacting food manufacturers [21,22].

In NuAge, nutrient intakes were computed annually from three non-consecutive 24-h dietary
recalls (one face-to-face and two telephone interviews). Analyses of the 24-h dietary recalls have been
performed using the CANDAT-Nutrient Calculation System (version 10, Godin, London, ON, Canada)
based on the 2007b version of the Canadian Nutrient file (CNF), that was completed by another food
composition table of 1200 additional foods that was developed on-site [23]. In order to increase the
comparison between the two cohorts, we used only the data from the first 24-h recall administered
face-to-face at T1 of NuAge.

2.4. Other Variables

In both cohorts, living arrangement was categorized according to two modalities: Living alone vs.
living with a relative or an unrelated person. Smoking status was classified as current, ever, or never
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smoker. For the purpose of this study and to allow comparison with previous studies, education was
categorized as 06 years, 7-9 years, 10-13 years, and >13 years. Body mass index (BMI) was computed
as the weight (kg)/height (m?). Additional potential confounders included self-reported history of
stroke (yes/no), self-reported diabetes (yes/no), or hypertension (yes/no) at baseline (i.e., wave 1 for 3C,
and T1 for NuAge).

2.5. Statistical Analyses

Factor analyses using principal component analysis (FA-PCA) with VARIMAX rotation were
previously performed separately in each sample to define nutrient patterns, according to a methodology
described previously [12]; the resulting nutrient pattern factor scores were the main explanatory
variables in the present study. Briefly, factor scores were obtained from 21 nutrients common in both
study samples that are presented in Figure 1. Three factors were identified in each sample according
to their eigenvalues, their interpretability, and the percentage of variance explained. The factor
scores obtained from FA-PCA were adjusted for total energy intakes using the residual method [24].
The relevant factors identified accounted for very similar total variance in the two study samples
(around 50%).
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Figure 1. Comparison of the factor loadings from the nutrient patterns obtained in the 3C and NuAge
cohorts. SFA: Saturated fatty acids, MUFA: Monounsaturated fatty acids, PUFA: Polyunsaturated
fatty acids. Doted lines represent the cut-off values for the interpretability of factor loadings (0.20 in
absolute value).

The associations between nutrient pattern factor scores and repeated MMSE scores were estimated
using linear mixed models with random effects. As the distribution of the MMSE scores was highly
skewed, the square root of the number of errors was calculated as (30 — MMSE)"? and used as the
dependent variable in mixed models [25]. The beta coefficient for each nutrient factor score represents
the association between the factor score and the mean cognitive score at baseline, whereas the factor
score X time interaction represents the association between the scores and the slope of cognitive change
over time. Random effects, including random intercept and random slopes, account for interindividual
variability. Three separate models were performed using one nutrient pattern score at a time as an
explanatory variable.
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We used two models to test potential confounding factors. The first model was adjusted for age,
sex, education, and energy, and the second model was additionally adjusted for vascular comorbidities
(that were previously reported as risk factors for cognitive decline). Other covariates such as BMI
(as a continuous variable), smoking status, and living arrangement were further included in mixed
models but as no confounding effect was observed, we did not consider them into the final models
(data not shown).

3. Results

In 3C, 1712 participants had complete dietary intake data and 1597 of them were evaluated for
cognitive function at baseline; 73 were excluded because they had been diagnosed with dementia.
Among the remaining participants, 1388 had at least two MMSE scores, including one at baseline,
with a mean follow-up of 4.5 years (standard deviation (SD), 1.1). The mean age of the participants was
75.7 years (SD, 4.8) and 62.8% were women. Compared to the baseline cohort, participants excluded
from the analytical sample (1 = 209) were significantly older (mean age = 78.4 vs. 75.7 years, p for t-test
< 0.001), had a lower level of education (29.5% were in the lowest level of education vs. 9.4%, p for
x2 < 0.001), and a lower global cognitive function (mean MMSE = 26.9 vs. 27.6, p for t-test < 0.001),
but showed no difference in the distribution by sex.

Among the 1596 participants with complete dietary intake data in the NuAge study, 92 were
excluded because of implausible reports [26]. In this sample, 1439 participants had at least two 3MS
scores, including one at baseline, agreed to be included in secondary analyses, leaving participants
with a mean follow-up of 2.9 years (SD, 0.5). The mean age of the participants was 74.3 years
(SD, 4.2) and 51.8% were women. Compared to the baseline cohort, participants excluded (n = 157)
were similar in terms of age, sex, and education, but showed slightly lower values of MMSE scores
(mean MMSE = 28.0 vs. 28.3, p for t-test = 0.02).

Baseline characteristics of both study samples are summarized in Table 1. Compared to
3C participants, NuAge participants were younger and less educated, with fewer women.
NuAge participants showed, on average, a slightly higher baseline MMSE score (28.3 vs. 27.6),
BMI (27.8 vs. 26.1 kg/m?), and energy intake (1928 vs. 1620 kcal/day), included fewer participants
with self-reported hypertension (47.4 vs. 51.0%), and more participants living with a relative or an
unrelated person (68.5 vs. 45.4%), or with a self-reported history of stroke (3.2 vs. 1.7%). No difference
between the two study samples was observed for self-reported diabetes.

The first nutrient patterns identified in both cohorts were qualified as “healthy” (healthy-France
and healthy-Quebec, Figure 1), and were characterized by higher intakes in carbohydrates, dietary fiber,
magnesium potassium, iron, carotene, and vitamins C, E and B6. Differences between the two
cohorts were notable for two specific nutrients. Compared to the healthy-Quebec, the healthy-France
pattern was negatively associated with vitamin D intake (factor loadings (FLs) of —0.19 vs. 0.22),
and positively associated with folate intake (FLs of 0.69 vs. 0.02). The second nutrient pattern identified
in both cohorts was qualified as a Western pattern, characterized by higher intakes of proteins,
lipids (saturated, monounsaturated, and n-3 and n-6 polyunsaturated fatty acids (PUFAs)), calcium,
phosphorus, magnesium, vitamin D, and folates, but only for the Western-Quebec pattern (FLs for
folates of 0.44 vs. 0.08). The third more traditional nutrient pattern in both cohorts corresponded
to diets rich in vitamins A and B12. Higher intake of zinc was observed in the traditional-Quebec
pattern (FLs of 0.50 vs. 0.07), whereas higher intake of folates was noted in the traditional-South West
of France pattern (FLs of 0.45 vs. —0.01). Average nutrient intake across quartiles of the factor scores
are presented in Table 2.
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Table 1. Characteristics of participants of the 3C (n = 1388) and the NuAge (n = 1439) studies.

3C NuAge p*
Age (years), mean (SD) 75.7 (4.8) 74.3 (4.2) <0.001
Women 872 62.8 746 51.8 <0.001
Education (years) <0.001
0-6 130 9.4 135 9.4
7-9 310 22.3 361 253
10-13 383 27.6 503 34.7
14+ 565 40.7 440 30.5
Living arrangement <0.001
Alone 757 54.5 454 31.5
Witha relative or 630 454 985 68.5
non-relative
BMI (kg/m?), mean (SD) 26.1 (4.2) 27.8 (4.4) <0.001
Energy intake,
(keal/day), mean (SD) 1620 (502) 1928 (642) <0.001
Smoking <0.001
Never smoker 862 62.1 742 51.6
Former-smoker 436 314 605 42.0
Current smoker 88 6.3 92 6.4
Self-reported 708 51.0 682 474 0.04
hypertension (yes/no)
Self-reported d;abetes 130 9.4 155 10.8 023
(yes/no)
Self-reported h1stoEry of 23 17 46 32 0.001
stroke (yes/no)
MMSE at l(’g]s;;lme' mean 27.6 (1.9) 283 (1.5) <0.001

SD: Standard deviation; BMI: Body Mass Index; kcal: Kilocalories; MMSE: Mini-Mental State Examination. Values are

represented as 12 and % unless mentioned otherwise. * t-test for quantitative variables and x for categorical variables.

T self-declared.

The healthy-France pattern was significantly associated with higher cognitive scores at baseline
(i.e., fewer number of errors in the MMSE) in the simplest and the fully-adjusted models (Table 3).
For example, in model 2, each 1-point increase of the factor score was associated with —0.053 (95%
CI -0.089, —0.016) lower square root errors in the MMSE at baseline. In contrast, the Western-France
pattern was significantly associated with lower cognitive scores (Table 3). In model 2, each 1-point
increase of the factor score was associated with +0.054 (95% CI 0.006, 0.102) higher square root errors
in the MMSE at baseline. No association was observed between the traditional-South West of France
pattern and cognitive function. Moreover, there was no association between any nutrient pattern and
the slope of cognitive decline.
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Table 2. Mean daily nutrient intake per quartile of component scores by nutrient patterns in (a) 3C
(n =1388) and (b) NuAge (n = 1439).

(@

Mean Intake/Day Healthy-France Western-France Traditional-France
01 Q2 03 Q4 p* Q1 Q2 Q3 Q4 p* QU Q2 Q Q& p*

Proteins (g) 746 702 751 823 <0001721 713 756 837 <0.00181.6 724 683 801 <0.001
Carbohydrates (g) 178 181 200 220 <0.001237 200 182 162 <0.001238 193 171 179 <0.001
SFA (g) 326 254 239 211 <0.00121.0 241 258 315 <0.001273 237 246 267 <0.001
MUFA (g) 269 212 197 179 <0.001170 202 215 265 <0.001214 194 205 239 <0.001
PUFA-n3 (g) 19 11 11 10 <000107 09 11 23 <000112 10 1.0 1.8 <0.001
PUFA-n6 (g) 7.2 6.2 6.1 64 002 55 57 6.2 85 <0.001 6.0 5.7 6.1 8.0  <0.001
Fibers (g) 12 15 18 24 <0.001 23 18 16 14  <0.001 20 17 16 17 <0.001

Calcium (mg) 833 807 883 941 <0.001736 781 891 1063 <0.0011096 849 741 783 <0.001
Phosphorus (mg) 1088 1021 1108 1236 <0.0011049 1031 1116 1266 <0.0011270 1063 992 1135 <0.001
Magnesium (mg) 222 228 263 315 <0.001282 251 246 252 <0.001295 246 234 256 <0.001

Potassium (mg) 2190 2379 2799 3468 <0.0013121 2692 2583 2495 <0.0013074 2647 2478 2697 <0.001
Iron (mg) 102 96 11.0 137 <0.001125 108 104 109 <0.001102 9.7 103 143 <0.001
Zinc (mg) 6.9 7.1 77 84 001 82 74 72 74 021 69 73 74 8.6 0.01

Carotene (mg) 1489 2188 3231 6891 <0.0016239 3274 2575 1934 <0.0014306 3065 3152 3552 0.001
Vitamin A (mg) 700 520 667 877 044 1097 507 424 734 001 277 258 326 1885 <0.001
Vitamin B6 (ug) 1.2 1.3 14 18 <000117 14 1.3 14 <0.001 1.5 14 13 1.6  <0.001

Folates (mg) 199 229 285 389 <0.001356 268 243 241 <0.001242 244 265 358 <0.001
Vitamin B12 (ug) 59 52 52 64 04 63 47 47 70 001 27 29 36 133 <0.001

Vitamin C (ug) 427 674 863 1339 <0.001123.0 80.8 709 593 <0.001832 789 825 902 0.09

Vitamin D (ug) 32 1.5 1.3 1.2 <0.001 1.1 1.2 14 34 <0.001 1.0 1.2 1.6 32 <0.001

Vitamin E (ug) 58 58 65 77 <0001 65 60 63 72 <0001 63 62 60 75 <0.001

Alcohol (g) 151 116 11.8 127 002 162 136 105 108 0.006 11.1 113 136 151 0.001

Energy (kcal) 1788 1614 1679 1757 <0.0011789 1680 1638 1728 0.01 1907 1630 1561 1736 <0.001
(b)
Mean Intake/day Healthy-Quebec Western-Quebec Traditional-Quebec
Q1 0 03 Q& p* Q1 Q Q3 Qi p* 0 Q Q Qi p*

Proteins (g) 746 743 78 867 <0.001836 733 74 827 <0.00167.7 675 782 101.8 <0.001
Carbohydrates (g) 228.8 219.5 2434 2752 <0.0012889 233 2236 220.1 <0.001279.5 230.7 225.8 230.5 <0.001
SFA (g) 308 233 209 193 <0.00119.4 20 23 318 <0.001244 204 23 266 <0.001
MFA (g) 32 255 244 244 <0.001224 227 261 352 <0.00130.8 238 244 273 <0.001
PUFA-n3 (g) 1.6 14 1.5 1.8 <0.001 1.2 1.3 1.6 22 <0.001 2.3 1.5 1.2 1.2 <0.001
PUFA-n6 (g) 126 104 102 99 <0.001 8.3 9 109 151 <0001155 101 88 85 <0.001
Fibers (g) 137 178 22 312 <0.001265 217 193 172 <0.00123.6 203 198 21.1 <0.001

Calcium (mg) 761.3 7375 7939 9843 <0.001853.8 749 7719 903.6 <0.001718.9 695.6 820 1059.6 <0.001
Phosphorus (mg) 1157 1158.3 1306.9 1588.4 <0.001 1400.4 1213.3 1238.1 1359.6 <0.001 1148.1 1131 1268.6 1690.1 <0.001
Magnesium (mg)  250.4 2855 3342 4324 <0.001381.2 320.7 299.3 300.5 <0.001332.1 297.7 314.7 3614 <0.001
Potassium (mg) 2477.6 2884.7 3358.4 4249.2 <0.001 4003.1 3203.4 2943.6 2801.9 <0.001 3206.8 2940 3151.6 3710.3 <0.001
Iron (mg) 126 122 14 166 <0.001155 132 129 138 <0.001142 126 13 158 0.02
Zinc (mg) 108 99 104 115 003 111 98 97 12 <0.001 87 86 102 152 <0.001
Carotene (mg) 2753 4555.9 7508 14043 <0.00112390 7711.3 4321.6 4311.7 <0.001 8883.1 6594.4 6459.6 7003.8 <0.001
Vitamin A (mg) 1202.3 893.7 854.8 1162.8 <0.0011692.6 836.6 757.8 802.2 <0.001762.9 734.1 8752 1787.6 <0.001
Vitamin B6 (ug) 1.4 1.6 1.9 23 009 22 1.7 16 1.5 <0001 1.7 1.6 1.7 21 <0.001
Folates (mg) 1118 798 81 732 <0.00173.9 722 86.6 113.8 <0.001 112 80 76 76 0.01
Vitamin B12 (ug) 58 44 44 49 <000176 36 38 45 <0.00123 29 37 105 <0.001
Vitamin C (ug) 648 949 128.6 2062 <0.001192.3 1242 983 78  <0.001150.8 118.2 107.6 116.0 <0.001
Vitamin D (ug) 51 45 52 68 <000153 46 52 65 <000139 41 49 8.8  <0.001
Vitamin E (ug) 47 51 56 79 <000163 55 53 6.2 <000173 54 52 55 <0.001
Alcohol (g) 68 66 54 55 039 101 59 42 38 <000167 56 55 65 0.48
Energy (kcal) 2028.5 1816.1 1867.3 1998.7 <0.001 2057.1 1779.1 1815.3 2055.7 <0.0012115 1762 1796 2008 <0.001

Q: Quartile, SFA: Saturated Fatty Acids, MUFA: Monounsaturated Fatty Acids, PUFA: Polyunsaturated Fatty Acids;
* p-value for ANOVA.
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Table 3. Associations between nutrient factor scores and baseline cognition, and slope of cognitive
change (square root of the number of errors in the MMSE) in mixed models in 3C and NuAge studies.

Model 12 p Model 2P p
B 95% CI B 95% CI
3C Study
Healthy-France
Factor score on baseline cognition —-0.051 [-0.088;-0.013] 0.007 —-0.053 [-0.089;-0.016] 0.005
Factor score * time 0.004 [-0.005;0.014] 0.44 0.004 [-0.005;0.014] 0.39
Western-France
Factor score on baseline cognition 0.059 [0.011;0.107]  0.01 0.054 [0.006;0.102]  0.02
Factor score * time —-0.007 [-0.019;0.005] 0.27 —-0.008 [-0.021;0.003] 0.18
Traditional-South West France
Factor score on baseline cognition 0.002 [-0.029;0.033] 0.89 0.002 [-0.029;0.033] 0.89
Factor score * time —-0.002 [-0.010;0.005] 0.56 —-0.002 [-0.010;0.005] 0.54
NuAge
Healthy-Quebec
Factor score on baseline cognition —-0.019 [-0.053;0.014] 0.26 —-0.020 [-0.055;0.013] 0.23
Factor score * time —-0.002 [-0.017;0.011] 0.23 —0.003 [-0.018;0.010] 0.62
Western-Quebec
Factor score on baseline cognition 0.025 [-0.028;0.078] 0.36 0.025 [-0.029;0.078] 0.36
Factor score * time 0.006 [-0.016;0.028] 0.60 0.006 [-0.016;0.029] 0.57
Traditional-Quebec
Factor score on baseline cognition 0.019 [-0.010;0.050] 0.19 0.019 [-0.010;0.050] 0.19
Factor score * time —-0.002 [-0.015;0.010] 0.72 —0.002 [-0.015;0.010] 0.75

2 Adjusted for age, sex, education, and total energy intake. ® Adjusted for age, sex, education, total energy intake,
self-reported diabetes or hypertension, and self-reported history of stroke. CI: Confidence interval. Factor score *
time = slope of cognitive change.

In NuAge, no association was observed between any of the three nutrient patterns and cognitive
function at baseline or the slope of cognitive decline (all p values >0.10, Table 2).

4. Discussion

This study examined the association of nutrient patterns with cognitive function and decline in
two cohorts of older persons living in different environments. In the 3C cohort, the healthy pattern
was associated with a slightly higher cognitive performance at baseline, whereas the Western pattern
was associated with a slightly lower cognitive performance. We found no relation of nutrient patterns
with cognitive function in the NuAge cohort, and no association with cognitive decline was observed
in both cohorts. Our study proposes a methodology to harmonize and use dietary and cognitive data
from two countries, using nutrient patterns. Another strength of this study is that it is based on dietary
data collected by trained dietitians [14,16].

Only one study computed nutrient patterns to estimate their associations with cognitive function in
a multiethnic community-based population of 330 older participants residing in Northern Manhattan,
NY [12]. This cross-sectional study from the Washington Heights-Inwood Columbia Aging Project
(WHICAP) identified an inflammatory nutrient pattern characterized by low intakes of calcium,
vitamins D, E, A, B1, B2, B3, B5, B6, folate, n-3 PUFAs, and high intake of cholesterol. This pattern
was associated with lower cognitive measures of brain health. In our study, healthy nutrient patterns
were characterized by lower intakes of vitamin D for the healthy-France pattern, lower intake of
vitamin A for both patterns, and lower intake of -3 PUFAs, especially for the healthy-France pattern.
Hence, a posteriori nutrient patterns, qualified as “healthy” based on the distribution of specific
nutrients considered as “healthy” based on previous knowledge, may not necessarily be optimal for
cognitive health. Additionally, the lower intake of folates found in the healthy pattern in NuAge could
partially explain why it was not associated with better cognitive function, contrarily to what found in
the 3C sample. Indeed, in the 3C study, a higher intake of folates was strongly associated with a lower
risk of dementia [27].

Another study based on the WHICAP cohort among 2148 older participants identified a pattern that
was significantly associated with lower risk of AD after a mean follow-up of 3.9 years [28]. This pattern
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was reflecting higher intakes of vitamin E and folates with higher consumption of fish, vegetables,
and fruits, and lower intakes of high-fat dairy products and red meat. The healthy-France pattern in
our study shares similarities with the dietary pattern identified in the WHICAP (e.g., higher intake
of fruits, vegetables, and folates), although it does not include all foods and nutrients that could
be protective against cognitive decline (e.g., fish and seafood). This may explain why the positive
association between the healthy-France pattern and cognitive performance is small.

The lack of literature on nutrient patterns and cognitive function limits the comparison of our
results with other studies. However, some of our findings could be compared to previous studies
using dietary patterns. Indeed, nutrient patterns identified in our study were previously described in
relation with food intake and overall diet quality [13]. In fact, we identified an opposition between
a posteriori healthy and Western nutrient patterns, similar to a posteriori dietary patterns that were
previously identified in many epidemiological studies [13]. A similar opposition between two dietary
patterns was observed in a cross-sectional analysis based on a sample of middle-aged persons from
the Whitehall II study, focusing on cognitive health [29]. These two dietary patterns were also inversely
associated with cognitive performance [29]. Indeed, a “whole food” pattern, which was characterized
by higher intakes of vegetables and fruits, was reported to be protective for two cognitive domains:
Vocabulary and semantic fluency. In contrast, the “processed food” pattern characterized by higher
intakes of high-fat and processed foods was associated with higher risk of cognitive impairment for
vocabulary and phonemic fluency [29]. Similarly, we observed in the 3C cohort a healthy a priori
nutrient pattern associated with better cognitive function at baseline. The plant-based food intakes
associated with this healthy a priori nutrient pattern in 3C [13] were similar to those in the whole
food dietary pattern from the Whitehall study. This was confirming that a healthy dietary pattern,
positively associated with nutrients that were correlated with higher intakes of fruits and vegetables,
can benefit cognition.

In our comparative study, a slightly higher baseline cognitive function was associated with
a healthy diet, characterized by nutrients and other substances mostly found in plant-based food such
as carotene, vitamin E, and dietary fiber, but also folates in 3C. This result is consistent with previous
studies suggesting that healthy or prudent diets rich in fruits and vegetables could be protective
for cognitive function and risk of dementia [4,7,9,30]. This diet specific to 3C may be protective
for cognitive function because of cumulative and synergic effect of nutrients, notably antioxidants,
provided by these specific foods. Unexpectedly, in both cohorts, n-3 PUFAs, generally recognized
as beneficial for cognition [31,32], were not associated with the healthy patterns, but rather with the
Western patterns.

Heterogeneity in the results on cognition between the two cohorts may be explained by general
health status and different selection criteria at baseline. In NuAge, mean MMSE at baseline was slightly
higher than in 3C and the mean decline over time was greater, suggesting that cognitive status baseline
in this population was higher than in the 3C population. The proportion of people with a self-reported
history of stroke was higher in NuAge, but the proportion of self-reported hypertension was lower.
Previous studies on the associations between cognitive performance at midlife have indicated that
vascular factors, such as hypertension and diabetes mellitus, could increase the risk of dementia and
cognitive decline in later life [33]. Another explanation for the heterogeneity in the results could be
related to the diet itself. The adherence to the healthy-France pattern may reflect a better overall
nutritional quality for cognitive function. We previously reported that the healthy-France pattern had
a stronger positive association with a dietary index estimating the adherence to dietary guidelines,
than the healthy-Québec pattern [12]. Finally, follow-up time in NuAge was shorter compared to the
3C cohort, thus reducing the possibility of cognitive decline to occur.

This work has some limitations. First, we were not able to conduct analyses on cognitive domains,
unlike other previous studies (e.g., vocabulary or semantic fluency [28]), because different tests
were used for these specific domains in the two cohorts and could not be compared. The MMSE
is known to show a lack of sensitivity in healthy populations, which translates to ceiling effects,
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a limitation to detect cognitive changes especially in healthy populations such as those investigated
here [34]. However, this test was used in previous studies based on the 3C cohort [35], as well as other
cohorts [4,7,11], assessing cognitive changes. Moreover, this test is convenient to use in large-scale
epidemiological cohort studies and is internationally validated. This is why it was used for the
purpose of data harmonization between the two cohorts, as it was the only common test between
them. With regard to potential confounders, apolipoprotein allele e4 (Apoe4) status is a major genetic
risk factor for AD [36]. Apoe4 status was available only in the 3C sample at the time of analysis, but
was not associated with cognitive function at baseline, or with cognitive decline (data not shown).
Finally, serum markers or parameters that were previously reported to be associated with cognitive
function, such as HDL-cholesterol [37], other plasma fatty acids [32], or uric acid [38], were not taken
into consideration in this comparative study.

5. Conclusions

Our results highlight that a nutrient pattern reflecting a balanced diet with a good variety in
nutrient intakes, mostly from plant sources, may be associated with higher global cognitive performance,
but not with cognitive decline. Comparative studies aimed at assessing external validity of the results
in specific populations could be developed in other populations. There is a need for longitudinal
cohorts focusing on nutrient patterns with substantial follow-up in order to measure, more accurately,
associations between nutrition and cognitive decline in older persons.

Author Contributions: B.A. carried out the literature review and drafted the manuscript. D.L. and P.B.-G.
contributed to the drafting of the manuscript and supervised this research project, and both contributed equally
to this work. These authors act as equivalent co-senior authors. B.A. conducted statistical analyses with the
contribution of P.-H.C. and with help from C.S. and M.-A.J. B.S. and P.G. are investigators of the NuAge study,
and G.F. a member of NuAge study research group. All authors conducted a critical review of the draft.

Funding: This research received no specific grant from any funding agency in the public, commercial,
or not-for-profit sectors. Benjamin Alles was supported for this joint PhD work by a funding from Region Aquitaine
and Faculty of Pharmacy, Université Laval and awards from Programme Frontenac and Jean Walter-Zellidja,
Académie frangaise. Danielle Laurin was supported by a scientist award from the Fonds de la recherche
du Québec-Santé (FRQS). The NuAge Study was originally supported by research grants from the Canadian
Institutes of Health Research (CIHR; MOP-62842). The NuAge Database and Biobank are supported by the
Fonds de recherche du Québec (FRQ; 2020-VICO-279753), the Quebec Network for Research on Aging funded
by the FRQS, and by the Merck-Frosst Chair funded by La Fondation de 1'Université de Sherbrooke. The 3C
study is conducted under a partnership agreement between the Institut National de la Santé et de la Recherche
Médicale (INSERM), the University Bordeaux 2 Victor Segalen and Sanofi-Aventis. The Fondation pour la
Recherche Médicale has funded the preparation and initiation of the study. The 3C study is also supported by
the Caisse Nationale Maladie des Travailleurs Salariés, Direction Générale de la Santé, MGEN, Institut de la
Longévité, Conseils Régionaux d’Aquitaine et Bourgogne, Fondation de France, Ministry of Research-INSERM
Programme “Cohortes et collections de données biologiques”, Agence Nationale de la Recherche COGINUT
ANR-06-PNRA-005, the Fondation Plan Alzheimer (FCS 2009-2012), and the Caisse Nationale pour la Solidarité et
I’ Autonomie (CNSA).

Acknowledgments: The authors would like to thank Héléne Payette, nominated principal investigator of the
NuAge study, for her invaluable contribution to the design of the present study, as well as Nancy Presse,
administrator of the NuAge Database, for reviewing this manuscript.

Conflicts of Interest: P. Barberger-Gateau reports grants and non-financial support from Danone Research,
Vifor Pharma, and the CNIEL (Centre National Interprofessionnel de I'Industrie Laitiere); personal fees and
non-financial support from Nutricia; grants and non-financial support from Groupe Lipides et Nutrition;
and non-financial support from ILSI Europe.

References

1.  Plassman, B.L.; Williams, ].W., Jr.; Burke, ].R.; Holsinger, T.; Benjamin, S. Systematic review: factors associated
with risk for and possible prevention of cognitive decline in later life. Ann. Intern. Med. 2010, 153, 182-193.
[CrossRef] [PubMed]

2. Daviglus, M.L.; Bell, C.C.; Berrettini, W.; Bowen, PE.; Connolly, E.S., Jr.; Cox, N.J.; Dunbar-Jacob, ].M.;
Granieri, E.C.; Hunt, G.; McGarry, K.; et al. NIH state-of-the-science conference statement: Preventing
Alzheimer’s disease and cognitive decline. NIH Consens. State Sci. Statements 2010, 27, 1-30. [PubMed]


http://dx.doi.org/10.7326/0003-4819-153-3-201008030-00258
http://www.ncbi.nlm.nih.gov/pubmed/20547887
http://www.ncbi.nlm.nih.gov/pubmed/20445638

Nutrients 2019, 11, 1808 11 of 12

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

Tana, C.; Lauretani, F; Ticinesi, A.; Gionti, L.; Nouvenne, A.; Prati, B.; Meschi, T.; Maggio, M. Impact of Nutritional
Status on Caregiver Burden of Elderly Outpatients. A Cross-Sectional Study. Nutrients 2019, 11, 281. [CrossRef]
[PubMed]

Alles, B.; Samieri, C.; Féart, C.; Jutand, M.-A.; Laurin, D.; Barberger-Gateau, P. Dietary patterns: a novel
approach to examine the link between nutrition and cognitive function in older individuals. Nutr. Res. Rev.
2012, 25, 207-222. [CrossRef]

Jacobs, D.R;; Tapsell, L.C. Food, not nutrients, is the fundamental unit in nutrition. Nutr. Rev. 2007, 65, 439-450.
[CrossRef] [PubMed]

Scarmeas, N.; Anastasiou, C.A.; Yannakoulia, M. Nutrition and prevention of cognitive impairment.
Lancet Neurol. 2018, 17, 1006-1015. [CrossRef]

Gu, Y.; Scarmeas, N. Dietary patterns in Alzheimer’s disease and cognitive aging. Curr. Alzheimer Res.
2011, 8, 510-519. [CrossRef]

Guenther, PM.; Reedy, J.; Krebs-Smith, S.M. Development of the Healthy Eating Index-2005. |. Am. Diet.
Assoc. 2008, 108, 1896-1901. [CrossRef]

Chen, X.; Maguire, B.; Brodaty, H.; O’Leary, F. Dietary Patterns and Cognitive Health in Older Adults:
A Systematic Review. J. Alzheimers Dis. JAD 2019, 67, 583-619. [CrossRef] [PubMed]

Gardener, S.L.; Rainey-Smith, S.R.; Barnes, M.B.; Sohrabi, H.R.; Weinborn, M.; Lim, Y.Y.; Harrington, K;
Taddei, K.; Gu, Y.; Rembach, A.; et al. Dietary patterns and cognitive decline in an Australian study of ageing.
Mol. Psychiatry 2015, 20, 860-866. [CrossRef]

Shakersain, B.; Santoni, G.; Larsson, S.C.; Faxen-Irving, G.; Fastbom, J.; Fratiglioni, L.; Xu, W. Prudent diet
may attenuate the adverse effects of Western diet on cognitive decline. Alzheimers Dement. 2016, 12, 100-109.
[CrossRef]

Gu, Y,; Manly, ] J.; Mayeux, R.P; Brickman, A.M. An Inflammation-related Nutrient Pattern is Associated with Both
Brain and Cognitive Measures in a Multiethnic Elderly Population. Curr. Alzheimer Res. 2018, 15, 493-501. [CrossRef]
Alles, B.; Samieri, C.; Lorrain, S.; Jutand, M.-A.; Carmichael, P.-H.; Shatenstein, B.; Gaudreau, P; Payette, H.;
Laurin, D.; Barberger-Gateau, P. Nutrient Patterns and Their Food Sources in Older Persons from France and
Quebec: Dietary and Lifestyle Characteristics. Nutrients 2016, 8, 225. [CrossRef]

Three-City Study Group. Vascular factors and risk of dementia: design of the Three-City Study and baseline
characteristics of the study population. Neuroepidemiology 2003, 22, 316-325. [CrossRef]

Teng, E.L.; Chui, H.C. The Modified Mini-Mental State (3MS) examination. J. Clin. Psychiatry 1987, 48, 314-318.
Gaudreau, P.; Morais, J.A.; Shatenstein, B.; Gray-Donald, K.; Khalil, A.; Dionne, I.; Ferland, G.; Fulop, T.;
Jacques, D.; Kergoat, M.-].; et al. Nutrition as a determinant of successful aging: description of the Quebec
longitudinal study Nuage and results from cross-sectional pilot studies. Rejuvenation Res. 2007, 10, 377-386.
[CrossRef]

Folstein, M.F,; Folstein, S.E.; McHugh, PR. “Mini-mental state”. A practical method for grading the cognitive
state of patients for the clinician. J. Psychiatr. Res. 1975, 12, 189-198. [CrossRef]

Favier, ].-C.; Ireland-Ripert, J.; Toque, C.; Feinberg, M. Reépertoire Général des Aliments. Table de Composition. 2e édititon,
revue et augmentée; INRA-AFSSA-CIQUAL-TEC & DOC.; INRA Editions; INRA: Montpellier, France, 1995.

Souci, EW.; Fachmann, W.; Kraut, H. Food Consumption and Nutrition Tables, 6th rev. edn. Medpharm;
Scientific Publishers: Sttutgart, Germany, 2000.

Renaud, S.; Godsey, F.; Ortchanian, E.; Baudier, F. Table de Composition des Aliments; Astra-Calve: Courbevoie,
France, 1979.

Larrieu, S.; Péres, K.; Letenneur, L.; Berr, C.; Dartigues, ].F; Ritchie, K.; Février, B.; Alpérovitch, A.;
Barberger-Gateau, P. Relationship between body mass index and different domains of disability in older
persons: the 3C study. Int. J. Obes. Relat. Metab. Disord. ]. Int. Assoc. Study Obes. 2004, 28, 1555-1560.
[CrossRef]

Féart, C.; Jutand, M.A,; Larrieu, S.; Letenneur, L.; Delcourt, C.; Combe, N.; Barberger-Gateau, P.
Energy, macronutrient and fatty acid intake of French elderly community dwellers and association with
socio-demographic characteristics: data from the Bordeaux sample of the Three-City Study. Br. J. Nutr.
2007, 98, 1046-1057. [CrossRef]

Johnson-Down, L.; Ritter, H.; Starkey, L.J.; Gray-Donald, K. Primary food sources of nutrients in the diet of
Canadian adults. Can. J. Diet. Pract. Res. Publ. Dietit. Can. Rev. Can. Prat. Rech. En Diététique Une Publ.
Diététistes Can. 2006, 67, 7-13.


http://dx.doi.org/10.3390/nu11020281
http://www.ncbi.nlm.nih.gov/pubmed/30696022
http://dx.doi.org/10.1017/S0954422412000133
http://dx.doi.org/10.1111/j.1753-4887.2007.tb00269.x
http://www.ncbi.nlm.nih.gov/pubmed/17972438
http://dx.doi.org/10.1016/S1474-4422(18)30338-7
http://dx.doi.org/10.2174/156720511796391836
http://dx.doi.org/10.1016/j.jada.2008.08.016
http://dx.doi.org/10.3233/JAD-180468
http://www.ncbi.nlm.nih.gov/pubmed/30689586
http://dx.doi.org/10.1038/mp.2014.79
http://dx.doi.org/10.1016/j.jalz.2015.08.002
http://dx.doi.org/10.2174/1567205015666180101145619
http://dx.doi.org/10.3390/nu8040225
http://dx.doi.org/10.1159/000072920
http://dx.doi.org/10.1089/rej.2007.0596
http://dx.doi.org/10.1016/0022-3956(75)90026-6
http://dx.doi.org/10.1038/sj.ijo.0802755
http://dx.doi.org/10.1017/S0007114507756520

Nutrients 2019, 11, 1808 12 of 12

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Willett, W.C.; Howe, G.R.; Kushi, L.H. Adjustment for total energy intake in epidemiologic studies. Am. J.
Clin. Nutr. 1997, 65, 12205-1228S; discussion 12295-1231S. [CrossRef]

Feart, C.; Alles, B.; Merle, B.; Samieri, C.; Barberger-Gateau, P. Adherence to a Mediterranean diet and
energy, macro-, and micronutrient intakes in older persons. J. Physiol. Biochem. 2012, 68, 691-700. [CrossRef]
Shatenstein, B.; Huet, C.; Jabbour, M. Plausibility assessment and quality assurance of food frequency
questionnaires completed in studies of diet and health. Paper presented at International Conference on Diet
and Activity Methods (ICDAM), Washington, DC, USA, 5-7 June 2009; 2009; pp. 281-282.
Lefevre-Arbogast, S.; Féart, C.; Dartigues, ].-F.; Helmer, C.; Letenneur, L.; Samieri, C. Dietary B Vitamins and
a 10-Year Risk of Dementia in Older Persons. Nutrients 2016, 8, 761. [CrossRef]

Gu, Y,; Nieves, ].W,; Stern, Y.; Luchsinger, J.A.; Scarmeas, N. Food combination and Alzheimer disease risk:
a protective diet. Arch. Neurol. 2010, 67, 699-706. [CrossRef]

Akbaraly, T.N.; Singh-Manoux, A.; Marmot, M.G.; Brunner, E.J. Education attenuates the association between
dietary patterns and cognition. Dement. Geriatr. Cogn. Disord. 2009, 27, 147-154. [CrossRef]
Barberger-Gateau, P; Raffaitin, C.; Letenneur, L.; Berr, C.; Tzourio, C.; Dartigues, ].F.; Alpérovitch, A. Dietary
patterns and risk of dementia: the Three-City cohort study. Neurology 2007, 69, 1921-1930. [CrossRef]
Calon, F. Omega-3 polyunsaturated fatty acids in Alzheimer’s disease: key questions and partial answers.
Curr. Alzheimer Res. 2011, 8, 470-478. [CrossRef]

Samieri, C.; Féart, C.; Proust-Lima, C.; Peuchant, E.; Dartigues, J.-F.; Amieva, H.; Barberger-Gateau, P.
Omega-3 fatty acids and cognitive decline: modulation by ApoEe4 allele and depression. Neurobiol. Aging
2011, 32, 2317.€13-2317.€22. [CrossRef]

Bowman, G.L.; Silbert, L.C.; Howieson, D.; Dodge, H.H.; Traber, M.G.; Frei, B.; Kaye, J.A.; Shannon, J.;
Quinn, J.F. Nutrient biomarker patterns, cognitive function, and MRI measures of brain aging. Neurology
2012, 78, 241-249. [CrossRef]

Galasko, D.R.; Gould, R.L.; Abramson, L.S.; Salmon, D.P. Measuring cognitive change in a cohort of patients
with Alzheimer’s disease. Stat. Med. 2000, 19, 1421-1432. [CrossRef]

Féart, C.; Samieri, C.; Rondeau, V.; Amieva, H.; Portet, F; Dartigues, J.-F; Scarmeas, N.; Barberger-Gateau, P.
Adherence to a Mediterranean diet, cognitive decline, and risk of dementia. JAMA |. Am. Med. Assoc.
2009, 302, 638-648. [CrossRef]

Farrer, L.A.; Cupples, L.A,; Haines, J.L.; Hyman, B.; Kukull, W.A,; Mayeux, R,; Myers, RH,;
Pericak-Vance, M.A.; Risch, N.; van Duijn, C.M. Effects of age, sex, and ethnicity on the association
between apolipoprotein E genotype and Alzheimer disease. A meta-analysis. APOE and Alzheimer Disease
Meta Analysis Consortium. JAMA |. Am. Med. Assoc. 1997, 278, 1349-1356. [CrossRef]

Pancani, S.; Sofi, F.; Cecchi, F; Macchi, C. HDL Cholesterol Is Independently Associated with Cognitive
Function in Males But Not in Females within a Cohort of Nonagenarians: The MUGELLO Study. J. Nutr.
Health Aging 2019, 23, 552-557. [CrossRef]

Tana, C.; Ticinesi, A.; Prati, B.; Nouvenne, A.; Meschi, T. Uric Acid and Cognitive Function in Older
Individuals. Nutrients 2018, 10, 975. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1093/ajcn/65.4.1220S
http://dx.doi.org/10.1007/s13105-012-0190-y
http://dx.doi.org/10.3390/nu8120761
http://dx.doi.org/10.1001/archneurol.2010.84
http://dx.doi.org/10.1159/000199235
http://dx.doi.org/10.1212/01.wnl.0000278116.37320.52
http://dx.doi.org/10.2174/156720511796391881
http://dx.doi.org/10.1016/j.neurobiolaging.2010.03.020
http://dx.doi.org/10.1212/WNL.0b013e3182436598
http://dx.doi.org/10.1002/(SICI)1097-0258(20000615/30)19:11/12&lt;1421::AID-SIM434&gt;3.0.CO;2-P
http://dx.doi.org/10.1001/jama.2009.1146
http://dx.doi.org/10.1001/jama.1997.03550160069041
http://dx.doi.org/10.1007/s12603-019-1203-0
http://dx.doi.org/10.3390/nu10080975
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Study Populations 
	Cognitive Assessment 
	Dietary Assessments 
	Other Variables 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

